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Article
Bioactive compounds and phenolic-linked functionality
of powdered tropical fruit residues
Roberta TP Correia1, Ka´tia C Borges1, Maria F Medeiros1 and
Maria I Genovese2
Abstract
Tropical fruit residues consisting of seeds, peels and residual pulp generated as by-products of fruit pro-
cessing industry were investigated for bioactive compounds, the in vitro antioxidant capacity as well as alpha-
glucosidase and alpha-amylase inhibitory activities. Cyanidin, quercetin, ellagic acid (EA) and proanthocya-
nidins were found in acerola, jambolan, pitanga and caja´-umbu residue powders. Acerola powder had the
highest phenolic content (8839.33 mg catechin equivalents (CE)/100 g) and also high-ascorbic acid (AA)
concentration (2748.03 mg/100 g), followed by jambolan and pitanga. The greatest 1,1-Diphenyl-2-picrylhy-
drazyl (DPPH) inhibition was observed for jambolan (436.76 mmol Trolox eq/g) followed by pitanga
(206.68 mmol Trolox eq/g) and acerola (192.60 mmol Trolox eq/g), while acerola had the highest ferric reduc-
ing antioxidant power (FRAP) assay result (7.87 mmol Trolox eq/g). All fruit powders exhibited enzymatic
inhibition against alpha-amylase (IC50 ranging from 3.40 to 49.5 mg CE/mL) and alpha-glucosidase (IC50
ranging from 1.15 to 2.37 mg CE/mL). Therefore, acerola, jambolan and pitanga dried residues are promising
natural ingredients for food and nutraceutical manufacturers, due to their rich bioactive compound content.
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INTRODUCTION
Acerola (Malpighia emarginata DC.), jambolan
(Syzygium cumin), caja´-umbu (Spondias sp.) and
pitanga (Eugenia uniﬂora) are examples of tropical
fruits, which have exotic attributes and attractive pleas-
ant ﬂavors. Seeds, peels and residual pulp are generated
as a solid by-product of fruit processing industry. It is
known that the peels of several fruits contain higher
amounts of phenolics than the edible ﬂeshy parts,
owing to the natural protective role of phenolics in
plants (Balasundram et al., 2006). This fact, along
with the ever increasing international interest in
environmental friendly technologies, explains why
fruit by-products have attracted interest as potential
sources of bioactive phenolic compounds (Oliveira
et al., 2009).
Plant phenolic compounds are among the most
desirable dietary bioactive agents, because they are
able to express antioxidant activity and potentially
reduce the level of oxidative stress, which would be
involved in a number of chronic diseases: atherosclero-
sis, inﬂammation, cancer and diabetes (Kris-Etherton
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et al., 2002). Epidemiological studies suggest that food-
grade plants, herbs, spices and fruits exert a protective
eﬀect against chronic diseases, due to the presence of
compounds with health-relevant eﬀects, independent of
the well-known nutrients and micronutrients (Zamora-
Ros et al., 2010). Therefore, phenolic antioxidants in
food-grade plant species can be targeted as promising
sources of health-supporting functional ingredients.
Diabetes mellitus refers to a group of metabolic dis-
orders characterized by chronic hyperglycemia that
aﬀects the cardiovascular system and leads to dysfunc-
tion and failure of various vital organs such as the
heart, brain and kidney (Brownlee, 2005). Diabetes
has become one of the leading causes of death world-
wide and its high incidence is approaching epidemic
proportions. Type 2 diabetes accounts for around
90% of all cases (World Health Organization, 2011).
During its early stages, it is characterized by hypergly-
cemia, which is followed by insulin resistance, beta-cell
dysfunction and reduced insulin production and ﬁnally
overproduction of glucose by the liver coupled to poor
uptake linked to low-insulin receptor function. It is typ-
ically associated with obesity, high-fat, high-carbohy-
drate diets and physical inactivity (Ranilla et al., 2010).
In developing countries, plants play a relevant role in
the treatment of early stages of diabetes, due to the
limited resources and restricted access to modern treat-
ments. There is also a demand in industrially developed
countries for alternative plant-based approaches to
manage diabetes, which is motivated by the side eﬀects
associated with the use of oral hypoglycemic agents.
Several fruit extracts have proven to be eﬀective against
key enzymes relevant for hyperglycemia (Cheplick
et al., 2010; Ranilla et al., 2010) and important bioac-
tive compounds have been detected in tropical fruit
extracts (Genovese et al., 2008; Hoﬀmann-Ribani
et al., 2009). Therefore, there is growing interest in
investigating the phenolic-linked biological functional-
ity of tropical fruits.
Food drying techniques have long been used to
extend shelf life and to create new products. The
spouted-bed drier is a simple and feasible drying tech-
nique that can be applied to fruit drying. It has become
popular in recent decades for the production of food-
stuﬀs, pigments, pharmaceuticals, suspensions, or
paste-like materials, due to the possibility of drying
heat-sensitive or labile materials (Nindo et al., 2003).
Therefore, the aim of this study was to identify rel-
evant bioactive compounds and investigate the pheno-
lic-linked antioxidant activity of powdered acerola,
caja´-umbu, pitanga and jambolan residues. Ascorbic
acid (AA), total phenolics, antioxidant activity,
proanthocyanidins, ﬂavonoids and ellagic acid (EA)
contents were determined in the fruit powders extracts.
The in vitro alpha-amylase and alpha-glucosidase
inhibitory activities were also investigated. These ﬁnd-
ings could provide the biochemical rationale for the
possible use of selected tropical fruit powders as part
of the dietary strategy for managing hyperglycemia
linked to early stages of type 2 diabetes.
MATERIAL AND METHODS
Chemicals
Methanol used in the experiments was purchased
from Merck (Darmstadt, Germany). 1,1-Diphenyl-2-
picrylhydrazyl (DPPH), Folin–Ciocalteu reagent,
6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic
acid (Trolox), 2,4,6-tripridyl-s-triazine (TPTZ), porcine
pancreatic alpha-amylase, yeast alpha-glucosidase, p-
nitrophenyl-a-D-glucopyranoside, 3,5-dinitrosalicylic
acid (DNS), catechin and maltose were purchased
from Sigma–Aldrich (Steinheim, Germany). All other
chemicals used were of analytical grade. Puriﬁed que-
bracho proanthocyanidin was gently provided by the
Department of Botanic, University of Sa˜o Paulo (SP,
Brazil).
Material
The residual pulp, seeds and peels of acerola (M. emar-
ginata DC.) and caja´-umbu (Spondias sp.), herein
named residue, were provided by a local fruit pulp fac-
tory (Natal, RN, Brazil). Several batches were collected
and mixed in order to form a single batch to be used in
all experiments. Due to the fact that pitanga and jam-
bolan fruit pulps are not industrially processed on a
frequent basis, approximately 3 kg of fresh jambolan
(S. cumin) and pitanga (E. uniﬂora) were obtained
from local markets in Natal, RN, Brazil and processed
in the laboratory in order to obtain the residual fruit
pulps, seeds and peels after juice extraction.
Fruit drying
The drying process was performed in a spouted-bed
dryer of laboratory size with high-density polyethylene
(HDPE) inert particles. A cone-cylindrical spouted-bed
dryer built in stainless steel, having acrylic windows was
used in the experiments. The angle of the conical base is
60 and its height 13 cm. The diameter of the inlet ori-
ﬁce is 3 cm and the one of the 72-cm high cylindrical
column is 18 cm. The dryer is equipped with air blower,
electrical heater, air ﬂow meter and thermocouples to
follow the air temperature at diﬀerent points and a
temperature controller for the air inlet. The experimen-
tal procedure was conducted in batches by mixing the
fruit material consisting of the fruit residues with
HDPE particles (diameter 3.9mm, density 962 kg/m3
and sphericity 0.76). The static bed porosity of the
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polyethylene particles is 0.29. Preliminary tests were
conducted in order to deﬁne the operating conditions:
inert load of 2.500 0.005 kg, mass of pulp feeding of
60 g, processing time of 40min, air temperature at the
dryer inlet of 70 C and spouting ﬂow rate of 1.8m/s.
The ﬁne dried particles were collected in a Lapple
cyclone of 10 cm of diameter and kept frozen until use.
Fruit samples extracts
Powdered samples (0.5 g) were extracted twice in 20mL
of 70% aqueous methanol for 5min (Brinkmann
homogenizer, Polytron-Kinematica GmbH, Kriens-
Luzern, Switzerland) in an ice bath. The homogenate
was ﬁltered under reduced pressure through ﬁlter paper
(Whatman 06), and the extracts were stored under
refrigeration until analysis.
Total phenolic and AA contents
The total phenolic content (TPC) was measured
according to Genovese et al. (2008). A 0.25-mL aliquot
of the extracts was mixed with 0.25mL of the Folin–
Ciocalteu reagent and 2mL of distilled water. After
3min at room temperature, 0.25mL of a saturated
sodium carbonate solution was added and the mixture
placed at 37 C in a water bath for 30min. The absor-
bance was measured at 750 nm using a model Ultrospec
2000 ultraviolet (UV)/Visible spectrophotometer
(Amersham Biosciences, Cambridge, UK). The results
were expressed as mg catechin equivalents (CE)/100 g
fruit powder.
The AA content (method 967.21) of the fruit pow-
ders was also determined according to Association of
Oﬃcial Analytical Chemists (AOAC, 1998).
DPPH free radical-scavenging assay
The extracts obtained above were used to assess the
antioxidant capacity by the DPPH radical-scavenging
method according to Genovese et al. (2008). A 50 -mL
aliquot of the extract previously diluted and 250 mL of
methanolic DPPH (0.5mM) were vortexed and after
25min, the absorbance was measured at 517 nm using
a Microplate Spectrophotometer (Benchmark Plus,
Biorad, Hercules, CA, USA). The standard curve con-
sisted of a methanolic solution of Trolox at diﬀerent
concentrations (20, 30, 40, 50, 60, 70 and 80 mM). The
antioxidant capacity was expressed as mmol Trolox
equivalents/g powder.
Ferric reducing antioxidant power assay
The ferric reducing antioxidant power (FRAP) assay
was performed as described by Benzie and Strain
(1996). FRAP reagent was freshly prepared by mixing
together 10mM TPTZ and 20mM iron(III) chloride in
0.25M acetate buﬀer, pH 3.6. The absorbance of the
test components as compared with Trolox was read at
593 nm (Perkin Elmer UV/Vis Lambda Bio 20,
Waltham, USA) 4min after incubation at room tem-
perature against a blank of FRAP reagent and distilled
water. The antioxidant capacity was expressed as mmol
Trolox equivalents/g powder.
Flavonoids and EA contents
Dried fruit samples (approx. 5 g) were extracted three
times in 100mL of methanol/water/acetic acid
(70:30:5, v/v [volume by volume, v/v]), for 2min
(Brinkmann homogenizer, Polytron-Kinematica
GmbH, Kriens-Luzern, Switzerland) in an ice bath.
The homogenate was ﬁltered under reduced pressure
through ﬁlter paper (Whatman 06). The extract was
concentrated until methanol elimination under
vacuum at 40 C on a rotary evaporator (Rotavapor
RE 120, Bu¨chi, Flawil, Switzerland), and made up to
50mL with distilled water for application to solid-
phase extraction (SPE) columns. An aliquot (5mL)
of the extract was passed through polyamide (CC 6,
Macherey-Nagel, Germany) columns previously con-
ditioned with 20mL of methanol and 60mL of dis-
tilled water. Impurities were washed out with 20mL
of distilled water and retained ﬂavonoids were eluted
with methanol (50mL), to elute neutral ﬂavonoids,
followed by methanol:ammonia (99.5:0.5, v/v), to
elute acidic ﬂavonoids (Arabbi et al., 2004). The
ﬂow rate through the columns was controlled by
means of a vacuum manifold Visiprep 24 DL
(Supelco, Bellefonte, USA). Each eluate was evapo-
rated to dryness under reduced pressure at 40 C, dis-
solved in methanol:acetic acid (99:5, v/v), and ﬁltered
through a 0.22 -mm tetraﬂuoroethylene (PTFE) ﬁlter
(Millipore Ltd., Bedford, USA) prior to high-perfor-
mance liquid chromatography (HPLC) analysis.
Identiﬁcation and quantiﬁcation of ﬂavonoids and
EA were achieved using analytical reversed-phase
HPLC in a Hewlett-Packard 1100 system with
auto sampler and quaternary pump coupled to a
diode array detector (DAD). The column used was
a Prodigy 5 mm Octadecyl silica (ODS) reversed-
phase silica (250 4.6mm2 i.d., Phenomenex Ltd.,
Torrance, USA). For total EA, samples were previ-
ously extracted and hydrolyzed following the method
of Pinto et al. (2008). Solvents were (A) water/tetra-
hydrofuran/triﬂuoroacetic acid (98:2:0.1, v/v) and (B)
acetonitrile and gradient (Arabbi et al., 2004), and
results were expressed as milligrams of aglycon/100 g
of powder, as mean standard deviation (SD).
Correia et al.
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Total proanthocyanidin content
The determination was made according to Porter et al.
(1986). An aliquot (250 mL) of the extract obtained in
1% HCl in methanol was added to 2.5mL of Porter’s
Reagent (154mg of FeSO4.7H2O per liter of 3:2 n-buta-
nol: chloridric acid), mixed thoroughly, and heated for
30min in a water bath at 95 C. After cooling, the
absorbance was measured at 550 nm and the results
expressed as mg of quebracho tannin equivalents
(QTE)/100 g powder.
Alpha-amylase inhibition assay
The alpha-amylase inhibitory activity was determined
by the chromogenic method (Gonc¸alves et al., 2010).
Brieﬂy, 40 mL of the phenolic-puriﬁed sample fraction
obtained through SPE in polyamide columns, 160 mL of
distilled water and 400 mL of starch (0.5% w/v in
20mM phosphate buﬀer pH 6.9 containing 6.7mM
sodium chloride) were mixed in a screw-top plastic
tube. The reaction was started by the addition of
200 mL of the enzyme solution (porcine pancreatic
alpha-amylase 4 unit/mL distilled water). The tubes
were incubated at 25 C for a total of 3min. After
3min, 200 mL aliquots were transferred to a separate
tube containing 100mL DNS color reagent solution
(96mM DNS, 5.31M sodium potassium tartrate in
2M NaOH) and placed into an 85 C water bath.
After 15min, this mixture was diluted with 900 mL dis-
tilled water and alpha-amylase activity was determined
by measuring the absorbance at 540 nm. A control,
consisting of 40 mL of methanol instead of the pheno-
lic-puriﬁed sample, and a blank, consisting of 200 mL of
distilled water instead of the enzyme solution, were pre-
pared. The absorbance (A) due to maltose generated
was calculated according to:
A 540 nm control or sample
¼ A 540 nm Test A 540 nm Blank
From the net absorbance obtained, the percentage of
inhibition was calculated using the formula:
% Inhibition ¼ ðA 540 nm control A 540 nm sampleÞ
 100=A540 nm control
Sample was serially diluted with methanol and a curve
of % inhibition vs. mg sample/mL reaction was con-
structed. Results were expressed as mg sample/mL reac-
tion, and as mg CE/mL reaction (after TPC), necessary
to inhibit 50% of maltose production.
Alpha-glucosidase inhibition assay
The alpha-glucosidase inhibitory assay was based on
the chromogenic method (Gonc¸alves et al., 2010).
Brieﬂy, yeast alpha-glucosidase (0.7 U) was dissolved
in 100mM phosphate buﬀer (pH 7.0) containing 2 g/L
bovine serum albumin and 0.2 g/L sodium azide. The
substrate solution, 5mM p-nitrophenyl-a-D-glucopyra-
noside, was prepared in the same buﬀer (pH 7.0). The
enzyme solution (100mL) and 20 mL of the phenolic-
puriﬁed sample fraction were mixed and the absorbance
read at 405 nm (time zero) (Benchmark Plus-Bio-Rad
Laboratories, Hercules, USA). After 5min of incuba-
tion at 37 C, the substrate solution (100mL) was
added, incubated for another 5min at 37 C, and the
absorbance at 405 nm was determined (10min). A con-
trol, consisting of 20 mL of methanol instead of the
phenolic-puriﬁed sample, and a blank, consisting of
100 mL of distilled water instead of the enzyme solution,
were prepared. The alpha-glucosidase inhibitory activ-
ity was expressed as percentage of inhibition and was
calculated as follows:
% Inhibition ¼ Abs 405 ðcontrol Þ Abs 405 ðextractÞ
Abs 405 ðcontrol Þ
 100
Sample was serially diluted with methanol and a
curve of % inhibition vs. mg sample/mL reaction was
constructed. Results were expressed as mg sample/mL
reaction, and as mg CE/mL reaction (after TPC),
necessary to inhibit 50% of glucose production.
Statistical analyses
Three extractions were performed for each sample and
all analyses were carried in triplicate (n¼ 9). Results
were expressed as mean SD. Data were subjected to
one-way ANOVA and means were compared using
(Honestly Signiﬁcant Diﬀerence) HSD Tukey’s test
(p< 0.05). Pearson correlations were calculated accord-
ing to Statistica software version 7.0 (Statsoft, Tulsa,
OK).
RESULTS AND DISCUSSION
Total phenolics and ascorbic acid
TPC, AA, and antioxidant activity measured by DPPH
and FRAP methods are summarized in Table 1.
Overall, the total TPC of the extracts increased in the
following order: caja´-umbu< pitanga< jambolan<
acerola. Acerola and jambolan methanolic extracts
had statistically higher TPC (p< 0.05) than that of
pitanga and caja´-umbu.
Food Science and Technology International 18(6)
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The TPC of fruit powders are considerably higher
than fresh tropical fruits or frozen fruit pulps, but sim-
ilar to that obtained for methanolic extracts of tropical
fruit residue powders (Genovese et al., 2008; Pande and
Akoh, 2010; Ruﬁno et al., 2010; Vasco et al., 2008).
These ﬁndings suggest that fruit powders are a suitable
processing alternative to obtain natural products with
concentrated bioactive components.
The AA content of jambolan (Table 1) was
twice that previously detected for fresh jambolan
fruits (31.90mg/100 g; Luximon-Ramma et al., 2003).
It is also higher when compared to the caja´-umbu
(24.77mg/100 g, p< 0.05) and pitanga powders
(17.02mg/100 g, p< 0.05) and some blueberry varieties
(23.7–56.6mg/100 g; Pande and Akoh, 2010). Pitanga
and caja´-umbu have AA levels comparable to previous
results for cashew and guava powders and higher than
a number of tropical fruits from Ecuador (Costa et al.,
2009; Vasco et al., 2008).
Our results for AA of acerola residue are higher than
those obtained for fresh acerola fruits (Mezadri et al.,
2008; Rosso and Mercadante, 2007). Although ascorbic
losses are expected to occur during thermal processes
(Klopotek et al., 2005), a signiﬁcant nutrient concen-
tration is caused by the drying process and the AA
content retained in acerola powder characterizes this
product as a valuable source of vitamin C.
The high-AA content of acerola residue powder is in
agreement with previous reports, which recognize acer-
ola as one of the best natural sources of AA (Mezadri
et al., 2008). It can be also related to the highest TPC of
acerola powder, since AA also reduces the Folin–
Ciocalteu reagent, giving high-positive results for TPC
(Genovese et al., 2008).
Antioxidant activity
Phenolic compounds are known to exhibit antioxidant
potential. This is determined by their reactivity as
hydrogen or electron donors which results in stable-
derived radicals and their metal-chelating properties
(Rice-Evans et al., 1997). Many compounds contribute
to total antioxidant activity in fruits, which can be eval-
uated using two complementary methods. In this study,
the antioxidant activities of tropical fruit powders were
measured by the DPPH free radical-scavenging and
FRAP methods. The DPPH method estimates the abil-
ity of the extract to quench the DPPH free radical,
while the FRAP test is based on the reducing potential
of antioxidant substances.
A very high DPPH radical-scavenging activity was
observed for acerola, jambolan and pitanga powders
(Table 1). They are higher than what was previously
observed for several Brazilian exotic fruits and fruit
pulps (Genovese et al., 2008; Gonc¸alves et al., 2010)
and also for 17 major fruits from Ecuador (Vasco
et al., 2008). DPPH values of acerola samples are
slightly higher when compared to previous results of
crushed acerola fruit (Mezadri et al., 2008).
FRAP results (Table 1) for all fruit powders are sub-
stantially higher than those previously observed for
fresh black and red mulberries (O¨zgen et al., 2009),
Ecuadorian fruits (Vasco et al., 2008), several
Mauritian exotic fruits (Luximon-Ramma et al., 2003)
and fresh and processed strawberries (Klopotek et al.,
2005).
Here, a clear linear relationship between TPC and
FRAP results (r¼ 0.99, p< 0.05) was observed. The
FRAP method results also exhibit a high correlation
with the AA values (r¼ 0.73). The same pattern was
observed for acerola puree, which might be due to the
fact that AA has a ferric reducing ability of 1.9 com-
pared to quercetin (5.4) and caﬀeic acid (3.9) (Mu¨ller
et al., 2010). Therefore, it is possible that the high-AA
content of acerola powder may play a role in the high-
FRAP results observed for this fruit.
The antioxidant activity of fruits and its derivatives
is complex and depends on several factors. When study-
ing fruit extracts, the presence of several possible radi-
cal-scavenger species have to be considered, including
phenolic compounds, AA and the possible synergistic
eﬀect of diﬀerent constituents (Luximon-Ramma et al.,
2003; Mezadri et al., 2008). Although AA may exert a
positive interference on DPPH, jambolan has higher
Table 1. TPC, AA, and antioxidant activity (DPPH and FRAP) of methanolic acerola, jambolan, pitanga, and caja´-umbu
powder extracts
Acerola Jambolan Pitanga Caja´-umbu
TPC (mg CE/100 g sample) 8839.33 a 194.25 7752.67 b 90.18 4253.17 c 119.30 518.63 d 11.68
AA (mg/100 g) 2748.03 a 31.75 62.21 b 0.91 17.03 c,d 3.20 24.77 c 0.43
DPPH radical-scavenging activity
(mmol Trolox/g sample)
191.66 b 1.04 436.76 a 1.48 206.69 b 0.59 10.53 c 0.19
FRAP (mmol Trolox eq/g sample) 7.87 a 0.19 5.78 b 0.04 3.58 c 0.10 0.31 d 0.01
Notes: Results are expressed as meansSD (n¼ 9).
Means in the same row followed by different superscripts are significantly different by HSD Tukey’s test p<0.05.
Correia et al.
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DPPH radical-scavenging capacity when compared to
acerola, which has higher AA content. Previously,
Ruﬁno et al. (2009) have also observed no clear rela-
tionship between AA content and DPPH antioxidant
activity. We assume that other compounds found in
jambolan may explain this behavior, including speciﬁc
types of phenolic compounds, including potent antiox-
idant anthocyanins (Veigas et al., 2007).
Flavonoids, ellagic acid and proanthocyanin
contents
Several reports have linked increased ﬂavonoid con-
sumption with the potential to combat a number of
diseases, including cardiovascular disorders and certain
types of cancer (Ramos, 2007). Nevertheless, insuﬃ-
cient data on the comprehensive food composition of
ﬂavonoids are a major diﬃculty in assessing dietary
intake in a population (Hoﬀmann-Ribani et al., 2009;
Zamora-Ros et al., 2010). Therefore, determining indi-
vidual concentration in foods is a ﬁrst-step toward doc-
umenting the possible health-relevant role of these
bioactive compounds.
Anthocyanins contribute signiﬁcantly to the antiox-
idant properties of certain colorful fruits, such as cher-
ries, berries and grapes and are promising
chemopreventive agents (Ramos, 2007). Cyanidin is
the most common anthocyanidin and its 3-glucoside
is the most active antioxidant anthocyanin (Franke
et al., 2004) and it was detected in all purple-red
fruits, but not in yellow caja´-umbu powder. Our results
are higher than previous ﬁndings for fresh fruits and
vegetables consumed in Hawaii (Franke et al., 2004).
Catechins are widespread ﬂavonols in the plant king-
dom. Important food sources include tea, grapes, red
wine, temperate fruits, cocoa and chocolate (Ramos,
2007), but the literature on tropical fruit catechin
sources is limited. It might be a strong relationship
between monomeric catechins and the resultant
proanthocyanidin oligomers, which commonly occur
together in plants (Amarowicz et al., 2009). This par-
ticularity may be related to the fact that acerola
powder, which was the only powder containing cate-
chin, had the highest proanthocyanidin content
(Table 1). The catechin content of acerola powder
(27.7mg/100 g) is similar to those of plum (33.1mg/
100 g), blackberry (20.9mg/100 g) and strawberry
(31.1mg/100 g; Tsanova-Savova et al., 2005).
Quercetin, myricetin and kaempferol are the main
ﬂavonols found in fresh and processed Brazilian
fruits. Quercetin was detected in all fruit powders,
except jambolan, and it was the main ﬂavonol in acer-
ola powder, which corroborates previous results
(Hoﬀmann-Ribani et al., 2009). Our quercetin results
are higher than fresh strawberries and several other
tropical fruits (Ha¨kkinen and To¨rro¨nen, 2000;
Reynertson et al., 2008).
Similar myricetin and quercetin levels were found for
pitanga powder, and they are nearly 10-fold higher than
those detected for concentrated pitanga juice
(Hoﬀmann-Ribani et al., 2009). Kaempferol was
found only in acerola powder, but at higher concentra-
tions than those observed for diﬀerent strawberry vari-
eties and other tropical fruits (Ha¨kkinen and To¨rro¨nen,
2000; Pinto et al., 2008; Reynertson et al., 2008).
Ellagic acid, a polyphenolic compound formed by
hydrolysis of ellagitannins, has been shown to exhibit
important anticarcinogenic activities (Fjaeraa and
Na˚nberg, 2009). The highest EA content was observed
for jambolan powder, which is almost eight times
higher than that found in dried pitanga. Of the fruits
investigated, caja´-umbu displayed the lowest amount
of EA.
Strawberries and their derived products are consid-
ered to be the main source of EA derivatives in the
Brazilian diet (Genovese et al., 2008). In addition,
Koponen et al., (2007) reported that the occurrence of
EA derivatives is limited to a few berry, fruit and nut
species, as well as oak-aged wines. However, little infor-
mation is available on several underexploited tropical
fruits readily available in tropical areas. Therefore,
these varieties could represent important new EA
sources. For example, the EA content of jambolan
powder was higher than that found for strawberry
jam (17–29.5mg/100 g) and fresh strawberries (17–
58.6mg/100 g) (Ha¨kkinen and To¨rro¨nen, 2000; Pinto
et al., 2007).
Overall, all the fruit powders exhibited large
amounts of proanthocyanidins (PA) (Table 1).
Acerola’s content was considerably higher (p< 0.05)
when compared to the other fruit powders, reaching
nearly twice the concentration of jambolan and eight
times that of the other two dried products. Our results
are considerably higher than the total PA content
detected for strawberries, blueberries, raspberries and
other less known berries and diﬀerent apple varieties
(Hosseinian et al., 2007). Increasing scientiﬁc evidence
shows biological functionality properties of PA, parti-
cularly with regard to the prevention of oxidative stress
and chronic degenerative diseases (Lee et al., 2008).
According to Zamora-Ros et al. (2010), proantho-
cyanidins are the most important contributor (60.1%)
to total ﬂavonoid intake in Spain. Apples (32.6%) were
the largest contributor to PA dietary intake, followed
by red wines (23.3%), unspeciﬁed fruits (10.6%) and
beans (7.5%). It was also reported wide diﬀerences in
the daily dietary intake among countries: 189.2mg
(Spain), 116mg (Finland) and 53.6mg (USA).
Unfortunately, there is no such data for ﬂavonoid die-
tary intake in Brazil, which would be helpful in future
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assessments of the health beneﬁts of ﬂavonoid
consumption.
Enzymatic inhibition
The enzymatic inhibition activity of polyamide-puriﬁed
phenolic extracts (PAE) is given in Table 2, with results
expressed as sample weight basis and equivalents of
catechin required to inhibit 50% of alpha-amylase
activity (IC50). All fruit powders showed alpha-amy-
lase and alpha-glucosidase inhibitory activities, but the
most potent alpha-amylase inhibition was observed for
acerola and pitanga. The extracts also inhibited yeast
alpha-glucosidase activity, but the order of eﬀectiveness
was diﬀerent from alpha-amylase, since pitanga, acer-
ola and caja´-umbu exhibited similarly high alpha-glu-
cosidase inhibitory activity. Tropical fruit powders
investigated, in this study, are more potent enzyme
inhibitors when compared to a number of native
Brazilian fruits and raspberries (Gonc¸alves et al.,
2010; Zhang et al., 2010)
Alpha-amylase inhibition was not proportional to
total EA, cyaniding and proanthocyanidin content, or
to TPC, since the TPC of jambolan was higher than
that of pitanga and alpha-amylase inhibition was con-
siderably lower. These results agree with the ﬁndings of
Ranilla et al. (2010), who found no relationship
between the TPC of medicinal plants and alpha-amy-
lase inhibition (Ranilla et al., 2010). Similar to our
results, previously, it was found that neither EA nor
gallic acid inhibited alpha-amylase at concentrations
ranging from 50 to 500 mg/assay (McDougall et al.,
2005).
On the other side, some relationship can be observed
between the presence of ﬂavonols, mainly quercetin and
myricetin, and alpha-amylase inhibitory activity.
Tadera et al. (2006) showed that the structures of the
A, B and C rings may be related to alpha-amylase
inhibitory activity. For example, alpha-amylase inhibi-
tion is enhanced with an increase in the number of
hydroxyl groups on the B ring, which would explain
the potent activity of myricetin and quercetin ﬂavonols.
With respect to the eﬀect of quercetin on alpha-amylase
inhibition, acerola, although containing nearly 14 times
more quercetin than pitanga, exhibited lower inhibi-
tion. This suggests that diﬀerences in glycosylation
may play a role (Gonc¸alves et al., 2010).
In contrast to what was previously observed by
Adyanthaya et al. (2010) with apple phenolics and
alpha-glucosidase inhibition, no link between the TPC
of fruit powders and alpha-glucosidase was identiﬁed.
However, the PAE of all fruit powders exhibited potent
alpha-glucosidase inhibitory activity. The SPE of crude
extracts on the polyamide SC6 column was used to
obtain the PAE samples, which are free of sugars, vita-
mins and minerals and rich in ﬂavonoids. The fact that
the phenolic compounds of pitanga, acerola and caja´-
umbu PAE were especially eﬀective in inhibiting alpha-
glucosidase, as observed with IC50 values expressed in
CE per mL of reaction, suggests an important role of
ﬂavonoids in glucosidase inhibition. Nevertheless, no
clear relationship was observed between the presence
of cyanidin and alpha-glucosidase inhibition, which
agrees with previous ﬁndings of Tadera et al. (2006).
Excessively high alpha-amylase inhibition is not
desired, since it can lead to undigested starch and con-
sequent intestinal discomfort (Cheplick et al., 2010).
Based on our results, the best potential candidates for
dietary management of hyperglycemia-linked to type 2
diabetes would be caja´-umbu and jambolan powders,
which exhibited moderate to low alpha-amylase inhibi-
tion associated with good alpha-glucosidase inhibition.
In order to prevent diabetic complications resulting
from hyperglycemia, it is crucial to select eﬀective
Table 2. Proanthocyanidins, total EA and flavonoid contents of acerola, Jambolan, pitanga and caja´-umbu powder
extracts
Acerola Jambolan Pitanga Caja´-umbu
Proanthocyanidins (mg QTE/100 g) 8666 a 169 4693 b 79 1187 c 16 1064 c 28
EA (mg/100 g) ND 104.8 a 0.4 12.67 b 0.02 2.72 c 0.04
Flavonoids (mg aglycone/100 g)
Cyanidin 76.29 a 0.1 90.50 a 0.20 9.90 b 2.40 ND
Catechin 27.70 a 0.4 ND ND ND
Kaempferol 7.06 a 0.06 ND ND ND
Myricetin ND ND 25.4 a 11.5 ND
Quercetin 296.00 a 19.00 ND 20.06 b 0.04 3.38 c 0.01
Notes: QTE, quebracho tannin equivalents; ND, not detected.
Results are expressed as meansSD (n¼ 9).
Means in the same row followed by different superscripts are significantly different by HSD Tukey’s test p<0.05.
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dietary strategies that act on managing both hypergly-
cemia and proper cellular redox status. The control of
key digestive enzymes such as pancreatic alpha-amy-
lase, responsible for starch hydrolysis and alpha-gluco-
sidase, which rules glucose absorption in the small
intestine, may play an important role in controlling
early stages of postprandial hyperglycemia.
This study suggests that acerola, jambolan and
pitanga residue powders are desirable fruit ingredients
for food and nutraceutical manufacturers, since they
are rich sources of biologically active phenolic com-
pounds, similar to other well-studied temperate berries
and fruits.
Although further investigation is needed to explore
their potential therapeutic eﬀects on postprandial gly-
cemic response, it was shown that these tropical
fruit phenolics are able to modulate the enzymatic
breakdown of carbohydrates by inhibiting in vitro
alpha-amylase and alpha-glucosidase activities. The
enzymatic inhibitory activity against alpha-amylase
and alpha-glucosidase may be structure-dependent
and could be inﬂuenced more by speciﬁc phenolic com-
pounds than by the actual concentration of overall fruit
phenolic. Further studies should be conducted in order
to explore the full potential of these low-cost and abun-
dant fruit residues.
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